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PRELIMINARY  RESULTS  OF 
RADAR  ENVIRONMENTAL  MAPPING 


INTRODUCTION 

The  detection  of  radar  echoes  from  targets  has  received  a  lot  of  attention  through  the 
years.  A  large  body  of  theory  has  been  developed  and  is  represented  in  textbooks  and  in 
more  recent  articles.  Far  from  being  of  only  theoretical  interest,  considerable  operational 
as  well  as  experimental  equipment  exists  and  is  used  to  enhance  or  to  detect  radar  echos 
from  targets  such  as  aircraft,  missiles,  and  ships.  Thus  far  the  major  emphasis  to  date  in 
detection  and  signal  processing  has  been  to  remove  all  extraneous  signals  and  provide 
detection  mechanisms  for  targets.  However,  another  useful  endeavor  could  be  to  provide 
a  means  of  describing  the  environmental  conditions  surrounding  and  underlying  the 
target-detection  regions.  Of  course  the  target  detections  would  still  remain  of  prime 
interest.  The  environmental  map  could  supply  badly  needed  information  for  improved 
operation  of  the  tracking  system,  and  because  a  better  picture  of  the  prevailing  situation 
would  be  available,  the  detector  or  radar  operation  could  be  modified  accordingly. 

After  this  statement  that  environmental  maps  may  be  useful,  the  question  which 
naturally  arises  is  what  constitutes  an  environmental  map.  As  a  rather  general  and  vague 
description,  a  radar  environmental  map  is  a  representation  of  events,  things,  and  processes 
which  can  relate  to  the  signals  received  and  processed  by  the  radar.  Of  course  this  descrip¬ 
tion  could  mean  many  things  to  many  people.  Some  examples  of  what  may  be  of  interest 
and  included  in  the  map  are  land  masses,  rain,  receiver  saturation,  ducting  conditions,  in- 
band  jamming,  out-of-band  jamming,  types  of  jamming,  measurement  accuracies,  thermal- 
noise-limited  regions,  multipath  conditions,  and  sea  clutter. 

The  following  assumptions  affect  how  this  report  will  proceed.  The  radar  does  not  have 
or  does  not  use  pulse-to-pulse  coherence,  so  that  doppler  filtering  is  not  performed.  No 
spatial  filtering  in  the  sense  of  adaptive  spatial  null-forming  circuits  are  used.  The  radar 
PRF  is  low,  so  that  multiple  time-around  echos  are  not  received.  The  radar  is  pulsed  as 
opposed  to  CW  or  interrupted  CW.  Only  the  signals  in  the  normal  radar  receiver  passband 
are  to  be  used.  Of  course  this  generic  radar  type  is  representative  of  most  pulsed  surveillance 
radars  in  operation  in  the  world  today.  The  environmental  classifications  considered  are 
targets,  land  clutter,  rain  clutter,  thermal-noise  regions,  shortpulse  interference  (at  least  as 
short  as  the  radar’s  pulse),  and  noise  jamming.  Of  course  these  types  of  echoes  and  sources 
are  the  most  prevalent  type  of  signals  encountered  by  the  generic  radar  postulated. 

The  material  content  of  this  work  is  further  restricted  to  detection  and  classification 
of  the  signal  type  from  range  cell  to  range  cell.  The  data  in  most  cases  would  probably  be  of 
more  use  if  the  signal  types  could  be  classified  over  regions  of  space  rather  than  from  range 
cell  to  range  cell.  The  probable  procedure  for  classifying  signal  types  over  regions  of  space 
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would  be  to  define  region  boundaries  based  on  the  declaration  of  signal  type  from  range  cell 
to  range  cell  described  within  this  report.  Consequently  the  regional  classification  naturally 
follows  the  work  to  be  presented  here  and  will  be  considered  in  future  work. 

Recordings  of  the  video  signals  present  on  the  SPS-12  and  SPS-39  radars  were  made 
by  Don  Queen  and  Jim  Alter  of  NRL  and  are  used  extensively  throughout  the  report.  The 
radars  were  at  the  Chesapeake  Bay  Division  of  NRL  on  top  of  budding  75,  which  overlooks 
the  bay.  The  SPS-12  is  a  2D  radar  with  a  magnetron  transmitter,  an  azimuth  beam  width  of 
about  3°,  a  1-ps  pulse  width,  a  rotation  rate  of  10  rpm,  and  a  PRF  of  500  pps.  The  SPS-39 
was  not  operated  in  its  normal  mode.  The  pertinent  parameters  in  the  mode  it  was  operated 
are  2D  operation  (single  beam),  an  azimuth  beam  width  of  about  2°,  a  2-ms  pulse  width,  a 
rotation  rate  of  7.5  rpm,  and  a  PRF  of  500  pps.  The  video  on  the  SPS-12  was  sampled  at  a 
megahertz  rate,  and  the  video  on  the  SPS-39  was  sampled  at  a  500-kilohertz  rate.  The 
amplitude  of  the  video  at  each  sample  was  recorded  and  is  called  the  amplitude  sample 
at  that  range  cell. 

This  report  will  proceed  as  follows.  First  the  processing  circuits  will  be  described. 

Then,  examples  of  the  operation  under  different  conditions  will  be  shown.  Finally  the 
results  will  be  given  in  a  qualitative  manner  by  observing  the  classifications  displayed  using  a 
PPI  (plan  position  indicator)  format.  The  work  to  be  described  here  was  also  described  in 
a  patent  application  [1] . 


PRINCIPLES  OF  OPERATION 

The  classes  of  signals  which  are  present  in  the  recorded  data  to  be  studied  are  inter¬ 
ference,  rain  clutter,  noise  jamming,  land  clutter,  isolated  targets,  and  thermal  noise.  In  the 
data  to  be  studied  the  PRF  is  low  enough  so  that  the  rain  clutter  is  for  all  practical  purposes 
decorrelated  from  pulse  to  pulse.  Consequently,  on  a  range-cell-to-range-cell  basis  it  is  in¬ 
distinguishable  from  noise  jamming,  and  the  rain  clutter  and  noise  jamming  are  merged  into 
one  category.  These  could  be  later  separated  in  that  rain  occurs  in  patches  and  the  noise 
jamming  occurs  in  azimuth  strobes.  However,  this  separation  is  not  studied  in  this  report. 

The  environmental-map  circuit  shown  in  Fig.  1  requires  radar  echoes  from  two  identical 
successive  pulses  (at  the  same  frequency)  separated  in  time  by  several  milliseconds.  Given 
the  two  radar  echoes,  the  environmental  map  decides  from  range  cell  to  range  cell  the  type 
of  echo  or  interference  which  is  present. 

The  circuit  operation  is  briefly  as  follows:  The  echoes  from  the  first  pulse  are  stored 
until  echoes  from  the  second  pulse  are  received.  The  first  operation  is  to  subtract  the  echoes 
from  the  same  ranges,  thus  removing  heavy  correlated  land  and  target  returns,  leaving  only 
interference  spikes  and  uncorrelated  noise.  The  interference  spikes  are  detected  using  a  log 
cell-averaging  CFAR  (constant-false-alarm-rate)  detector,  and  those  range  cells  are  declared 
interference.  The  range  cells  containing  interference  spikes  are  deleted  from  further  use  in 
the  threshold  calculations.  The  signals  left  after  pulse-to-pulse  subtraction  and  interference 
removal  are  now  uncorrelated.  The  uncorrelated  noise  power  in  a  local  vicinity  is  compared 
to  the  thermal  noise,  and  if  it  exceeds  the  thermal  noise,  either  noise  jamming  or  rain  clutter 
is  declared.  Correlated  signals  above  the  local  uncorrelated  signal  or  noise  background  are 
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Fig.  1  —  Processing  circuit  for  an  environmental  map 


next  detected.  These  are  separated  into  two  types,  distributed  land  clutter  and  isolated 
targets,  by  accepting  as  targets  only  those  correlated  returns  which  are  surrounded  by  a  few 
range  cells  with  uncorrelated  echoes.  Some  isolated  land-clutter  returns  will  appear  as  targets 
but  can  be  removed  by  noting  they  do  not  move  with  time.  The  last  category,  a  thermal 
noise  region,  is  declared  when  no  other  declarations  are  present. 

A  more  detailed  description  is  now  given.  In  the  processing  that  will  be  performed  it  is 
always  assumed  that  the  radar  is  pulsed  twice  at  the  same  frequency,  and  the  echoes, 
designated  X1(i)  and  X2(0  respectively,  are  recorded  versus  range.  Examples  of  these 
recordings  are  given  in  Figs.  2  through  6,  parts  a  and  b.  Figures  2a  and  2b  show  that  thermal 
noise  is  present  at  all  ranges  except  for  two  targets  separated  by  a  few  range  cells  which  are 
present  near  the  center  of  the  range  interval.  Given  n  range  cells,  the  first  operation  shown 
in  Fig.  1  is  pulse-to-pulse  subtraction  given  by 

D(i)*X1(i)-X2(i) 

for  f  *  1,  2, ...,  n.  With  use  of  the  recorded  data,  the  results  for  |D(0|  are  shown  in  part  c 
of  Figs.  2  through  6.  The  correlated  targets  and  land  clutter  are  removed  from  the  data, 
leaving  only  noise  which  is  directly  related  to  Rayleigh-distributed  thermal  noise  in  the 
records  of  X1(i)  and  X2(0>  **  shown  in  Figs.  2c  and  3c.  In  addition  Figs.  4c  and  5c  show  a 
noisy  record  for  {0(0}  whose  standard  deviation  appears  to  be  proportional  to  the  standard 
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deviations  in  the  puJse  echoes  Xx  (i)  and  X2(i).  Finally  Fig.  6c  shows  the  residue  interference 
spikes  in  the  {Z?(i)|  record  which  is  also  present  in  the  pulse  echo  AF1(«). 

After  the  pulse-to-pulse  correlated  components  have  been  removed,  leaving  the  record 
|Z)(0} ,  the  interference  spikes  are  detected,  so  that  a  declaration  of  interference  can  be 
made  and  so  those  range  cells  containing  interference  spikes  can  be  discarded  from  the 
calculation  of  the  threshold.  The  interference  detector  chosen  is  a  classic  log  Rayleigh 
detector  which  computes 

log  (10  I  D(i)  I  +  l)  -  — log  [10  \DU-i)  I  +  l] 

h  2 

N, 

/-  2 

where  ( Nj  -  1)  is  the  number  of  reference  cells  on  each  side  of  the  test  cell.  If  this  number  is 
greater  than  a  threshold,  a  target  is  declared.  This  detector  is  equivalent  to  requiring  that 
test  cell  D(i)  be  a  certain  value  above  the  geometric  mean  computed  from  reference  cells 
surrounding  the  test  cell.  Adjacent  range  cells  D(i  +  1)  and  D(i  -  1)  are  not  used  in  the  calcu¬ 
lation  and  are  sometimes  referred  to  as  guard  cells.  The  reason  this  detector  was  chosen  is 
that  it  exhibits  good  CFAR  properties  for  Rayleigh-distributed  noise  and  suffers  less  sup¬ 
pression  properties  than  many  of  the  other  detectors  [2] . 

The  mean  p  and  standard  deviation  o  are  next  computed  from  range  cells  on  each  side 
of  the  test  cell  using  the  data  record  {D(i)) .  The  records  {H(0}  in  Figs.  2  through  6  show 
that  the  mean  value  p  averaged  over  range  will  be  small  and  the  standard  deviation  formed 
from  a  range  interval  is  proportional  to  the  standard  deviation  of  the  uncorrelated  signals 
in  the  records  Xx(i)  and  X2 (/)•  The  exception  to  this  observation  is  when  an  interference 
spike  is  present  in  the  D(i )  record  and  is  obviously  a  member  of  a  different  statistical  distri¬ 
bution.  Consequently  the  range  cells  in  which  interference  spikes  have  been  detected  are 
excluded  from  being  used  in  the  calculation  of  p,  o,  and  f(o)y  which  are  defined  sub¬ 
sequently. 

The  estimate  of  the  standard  deviation  o,  which  is  proportional  to  the  uncorrelated 
signals  in  the  records  Xx(i)  and  X2(i),  is  compared  to  the  standard  deviation  on  of  the 
thermal  noise  as  shown  in  Fig.  1.  Examples  of  cases  when  o  >  on  are  shown  in  Figs.  4  and 
5,  with  rain  and  noise  jamming  being  declared  respectively.  The  estimate  of  the  standard 
deviation  of  the  thermal  noise  is  obtained  when  no  rain  or  jamming  is  present. 

The  next  step  is  to  detect  signals  which  are  correlated  from  pulse  to  pulse  and  are 
above  the  uncorrelated  noise  level.  The  threshold  is  computed  from  p  and  a,  which  are 
estimates  of  the  mean  and  standard  deviation  of  the  uncorrelated  noise  in  the  local  vicinity 
as  shown  in  Fig.  1.  Both  echoes  Xx{i)  and  X2{i)  sure  compared  to  the  threshold,  and  if  both 


9 


CANTRELL 


exceed  the  threshold,  either  land  clutter  or  an  isolated  target  is  declared.  The  reason  for  the 
requirement  of  coincidence  is  that  interference  is  rejected  but  land  clutter  and  targets  will 
be  passed.  Examples  of  land  clutter  and  targets  are  given  in  Figs.  2  and  3.  In  Fig.  2  both 
targets  are  above  the  threshold  derived  from  { D(i )}  on  both  echoes  X1  (i)  and  X 2(i).  Figure  3 
shows  a  substantial  number  of  detections  in  the  heavy  land  clutter. 

The  next  step  in  the  procedure  is  to  separate  the  isolated  targets  from  the  land  clutter. 
The  distinction  is  that  isolated  targets  are  surrounded  by  several  range  cells  of  uncorrelated 
noise  whereas  the  land  clutter  is  more  distributed.  As  a  digression  here,  it  is  pointed  out  that 
the  probability  density  for  the  subtraction  y  of  two  independent  and  identically  distributed 
Rayleigh  variate  whose  underlying  Gaussian  distribution  has  a  standard  deviation  of  o„  is, 
as  described  in  Ref.  3,  given  by 


p(y)  = 


2o„ 


I  I  -22  V* 
\z  \e  2  +  -*— 

2 


(1  -  2 z2)  (1  -  erf  1 2  I) 


) 


where  z  =  y/2 ag  and 


erf  (z)  = 


dv. 


(1) 


The  density  p(y)  has  zero  mean  and  standard  deviation  of  o  =  0.926a#.  For  uncorrelated 
noise  in  the  records  and  X2(i),  the  probability  density  of  the  record  {£>(/)}  closely 
approximates  the  density  given  by  Eq.  (1).  The  estimate  of  the  mean  value  in  the  records 
X\{i)  and  X2(i)  can  be  found  by  first  estimating  the  standard  deviation  of  the  underlying 
Gaussian  process  o„  -  o/ 0.926  and  then  determining  the  mean  of  the  Rayleigh  distribution 
formed  from  the  Gaussian  as 


f(o)  =  (Vi/2)  O/0.926. 

The  mean  value  m  of  the  reccidr,  Xj(i)  and  X2(i)  is  found  directly  using  two  range  cells  on 
each  side  of  the  test  cell  plus  a  guard  cell.  If  this  mean  value  is  near  the  value  of  f{o),  which 
is  the  estimate  of  the  mean  after  pulse-to-pulse  subtraction,  the  region  is  declared  an  un¬ 
correlated  noise  region  and  any  correlated  signal  detection  is  allowed  to  be  declared  a  target 
detection  as  shown  in  Fig.  1.  The  target  detection  is  also  subtracted  from  the  detection  of 
correlated  signals.  When  the  echoes  X1(i)  and  X2(i)  are  correlated,  f(a)  does  not  change 
significantly,  because  the  correlation  has  been  removed  by  pulse-to-pulse  subtraction,  but 
the  mean  value  obtained  directly  from  the  records  X1(i)  and  X2(i)  becomes  large.  Corre¬ 
lated  signals  are  not  allowed  to  be  declared  target  detections  under  this  condition  and 
consequently  are  declared  as  land  clutter. 

Examples  of  the  behavior  of  f(a )  and  m  for  various  conditions  are  shown  in  part  d  of 
Figs.  2  through  6.  The  examples  show  that  f(a)  and  m  are  nearly  the  same  except  for  small 
regions  corrupted  by  targets  and  for  land  clutter,  given  in  Fig.  3d.  Even  though  a  large 
number  of  detections  are  obtained  for  the  land-clutter  echoes,  as  shown  in  Figs.  3a  and  b, 
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they  will  not  be  declared  as  isolated  targets  because  the  mean  is  much  larger  than  f(o).  In 
Fig.  2  the  two  targets  are  above  the  thresholds  and  will  be  declared  as  isolated  targets,  be¬ 
cause  the  mean  and  f(a)  are  nearly  equal  in  that  range  cell.  The  value  of  the  mean  m  is 
greater  than  f(o)  for  a  few  range  cells.  The  targets  are  corrupting  the  estimate  of  the  mean  in 
these  cases.  This  becomes  a  problem  only  when  the  targets  are  closer  together  than  three 
range  cells. 

In  some  cases  a  number  of  objects  which  should  be  declared  land  clutter  can  be 
declared  as  isolated  targets.  For  example,  items  such  as  towers,  isolated  buildings,  and 
bridges  can  provide  a  targetlike  appearance  due  to  their  geographic  location  with  respect  to 
the  radar.  In  these  cases  the  objects  can  be  tracked  from  scan  to  scan  and  be  declared  point 
clutters  based  on  their  relative  motion  with  respect  to  the  observer. 

The  last  category  to  be  described  is  thermal  noise.  Thermal  noise  is  declared  if  no 
other  declarations  are  made.  This  is  as  important  as  all  the  other  designations,  because  at 
least  in  the  absence  of  jamming  a  large  portion  of  the  geographic  region  surveyed  by  radars 
is  limited  to  thermal  noise,  and  this  knowledge  can  be  very  useful  in  the  tracking  system. 

Several  comments  will  now  be  made  about  some  of  the  other  categories  of  signals  and 
other  techniques  which  may  be  useful  but  which  are  not  considered  in  this  study.  If  a 
moving  target  plus  clutter  is  present,  a  signal  fluctuation  will  occur  in  that  range  cell.  If  the 
fluctuation  is  large,  it  will  be  detected  at  the  output  of  the  interference  declaration  line.  If 
enough  pulses  on  target  are  obtained,  the  range  cell  will  contain  a  number  of  interference 
declarations  which  is  uncharacteristic  of  interference  and  consequently  a  moving  target  plus 
clutter  can  be  declared.  Another  way  of  accepting  an  interference  declaration  in  a  range  cell 
as  a  moving-target-plus-clutter  declaration  is  that  the  region  has  been  declared  a  clutter 
region  and  is  essentially  interference  free.  Another  category  not  considered  but  relevant  in 
the  data  collected  was  receiver  saturation.  When  this  occurred,  the  statistics  changed  and 
many  of  the  underlying  assumptions  were  no  longer  true.  For  these  cases  receiver  saturation 
needs  to  be  detected  and  all  results  disallowed  for  a  few  range  cells  surrounding  the  satur¬ 
ated  conditions,  which  in  effect  is  a  loss  of  information.  Considerably  more  is  involved  in 
considering  environmental  maps  than  considered  here.  However,  this  report  will  stay  within 
the  limited  guidelines  set  forth  and  next  present  some  qualitative  types  of  results  which 
were  obtained. 


QUALITATIVE  RESULTS 

Examples  of  the  performance  of  the  environmental  mapping  results  will  be  displayed 
in  a  qualitative  way  using  a  PPI  presentation.  Echoes  from  the  radars  were  recorded  as  they 
rotated  in  azimuth,  and  five  range-azimuth  patches  of  thresholded  video  are  displayed  in 
Fig.  7.  The  categories  are  interference  and  target,  land  clutter,  two  closely  spaced  targets, 
sidelobe  noise  jamming  and  a  target,  rain  clutter,  and  the  thermal  noise  regions,  which  are 
essentially  the  white  areas. 

The  environmental  data  displayed  in  Fig.  7  are  processed,  and  the  interference  detec¬ 
tions  are  shown  in  Fig.  8.  An  excellent  job  of  detecting  the  interference  spikes  was  achieved. 
None  of  the  targets  or  land  clutter  shown  in  Fig.  7  were  declared  interference.  All  the 
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Fig.  7  —  PPI  representation  of  the  environment 
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interference  spikes  except  three  very  weak  ones  were  declared  interference.  A  couple  of 
interference  declarations  were  made  in  the  rain  cloud.  This  occurred  because  of  receiver 
saturation;  consequently,  when  that  category  becomes  instrumented  (not  described  in  this 
report),  the  declaration  of  interference  in  the  rain  cloud  will  no  longer  be  present.  The  last 
item  considered  is  the  single  interference  declaration  in  the  noise  jamming  plus  target.  The 
reason  this  occurred  is  as  follows.  The  time  between  echoes  was  6  ms  rather  than  2  ms  as  in 
all  the  other  data,  and  only  a  few  pulses  on  a  very  weak  target  were  obtained  as  the  beam 
swept  over  it.  Because  of  the  large  scanning  modulation  which  was  not  present  on  the  other 
data,  the  weak  target  changed  amplitude  by  a  substantial  percentage  from  one  pulse  to  the 
next.  Therefore  one  of  these  echo  pairs  was  declared  an  interference  spike.  Although  the 
target  was  weak,  it  was  verified  to  be  a  target  by  examining  from  scan  to  scan  the  raw  video 
return  and  noting  that  the  weak  target  echoes  were  moving  at  nearly  a  constant  rate. 

By  use  of  the  test  data  in  Fig.  7,  the  results  for  detecting  rain  and  noise  jamming  is 
shown  in  Fig.  9.  The  results  were  good  in  that  the  rain-cloud  and  noise-jamming  strobes 
were  detected  and  no  false  detections  were  made  for  the  target  cases  and  land  clutter.  Three 
interference  spikes  were  declared  as  jamming  or  rain.  This  occurred  because  the  three  inter¬ 
ference  spikes  were  low  in  amplitude  and  were  not  properly  detected  as  interference  spikes. 
Consequently  they  appear  as  uncorrelated  noise  but  at  a  higher  level  than  the  general  back¬ 
ground  and  are  declared  as  noise  jamming  or  rain.  The  next  level  of  mapping  not  considered 
here  would  consider  if  these  detections  are  strobelike  for  noise  jamming,  cloudlike  for  rain, 
and  pointlike  for  low-level  interference  spikes. 

By  use  of  the  test  data  in  Fig.  7,  the  results  for  detecting  the  land  clutter  is  shown  in 
Fig.  10.  The  results  were  excellent  in  that  the  land  clutter  was  declared  correctly  and 
targets,  interference,  jamming,  and  all  but  one  range  cell  in  the  rain  cloud  were  not  declared 
as  land  clutter.  The  false  alarm  in  the  rain  cloud  was  again  due  to  receiver  saturation  as 
mentioned  earlier  and  consequently  would  not  be  present  when  the  saturation  category  is 
included  in  the  map. 

By  use  of  the  test  data  in  Fig.  7,  the  results  for  detecting  the  isolated  targets  are  shown 
in  Fig.  11.  A  perfect  performance  was  achieved  in  that  the  target  in  the  interference,  the 
two  closely  spaced  targets,  and  the  weak  target  in  the  jamming  mentioned  earlier  were  all 
detected  and  no  false  declarations  were  made. 


SUMMARY 

Preliminary  results  concerning  radar  environmental  mapping  were  presented.  The 
object  was  to  devise  simple  circuits,  which  could  operate  at  the  high  data  rate  of  the  radars, 
that  would  adequately  describe  the  signals  received  by  the  radars.  In  general  these  circuits 
must  be  tailored  to  each  specific  radar.  However,  for  this  preliminary  study,  data  were 
collected  and  used  from  both  L-band  and  S-band  radars  pulsed  at  a  low  pulse  repetition 
frequency  and  which  retained  the  same  frequency  for  at  least  two  successive  pulses.  The 
classifications  of  signals  considered  were  interference,  land  clutter,  targets,  noise  jamming, 
rain  clutter,  and  thermal  noise.  The  results  obtained  using  recorded  data  were  excellent  in 
that  the  signals  were  classified  into  the  correct  category  in  almost  every  case  and  only  a  few 
false  declarations  were  made. 
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Fif.  11  —  PPI  reprmntatton  of  the  detection  of  totaled  taffeta 
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This  study  is  considered  preliminary,  because  many  aspects  of  the  mapping  were  not 
considered.  Future  work  may  address  some  of  the  remaining  problems:  More  signal  cate¬ 
gories  should  be  added.  More  signal  combinations  should  be  studied.  A  regional  environ¬ 
mental  map  should  be  constructed  based  on  the  range-cell-by -range-cell  declarations  de¬ 
scribed  in  this  text.  The  interactions  of  the  environmental  map  and  the  tracking  system 
should  be  studied,  and  possibly  the  environmental  map  and  tracking  system  should  be 
merged  so  that  detection  and  tracking  are  almost  indistinguishable.  Finally  the  use  of  en¬ 
vironmental  maps  to  control  the  radar  should  be  considered. 
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